An application of LARY_C : study of Cardio-vascular Rhythms Perturbations according to a Sleep Pathology (Periodic Leg Movements) by Médigue, Claire et al.
HAL Id: inria-00074087
https://hal.inria.fr/inria-00074087
Submitted on 24 May 2006
HAL is a multi-disciplinary open access
archive for the deposit and dissemination of sci-
entific research documents, whether they are pub-
lished or not. The documents may come from
teaching and research institutions in France or
abroad, or from public or private research centers.
L’archive ouverte pluridisciplinaire HAL, est
destinée au dépôt et à la diffusion de documents
scientifiques de niveau recherche, publiés ou non,
émanant des établissements d’enseignement et de
recherche français ou étrangers, des laboratoires
publics ou privés.
An application of LARY_C : study of Cardio-vascular
Rhythms Perturbations according to a Sleep Pathology
(Periodic Leg Movements)
Claire Médigue, Christophe Vermeiren, Patrice Bourgin, Pierre Escourrou
To cite this version:
Claire Médigue, Christophe Vermeiren, Patrice Bourgin, Pierre Escourrou. An application of
LARY_C : study of Cardio-vascular Rhythms Perturbations according to a Sleep Pathology (Peri-
odic Leg Movements). [Research Report] RR-2597, INRIA. 1995. ￿inria-00074087￿
IS
S
N
 0
24
9-
63
99
ap por t  
de  r ech er ch e 
INSTITUT NATIONAL DE RECHERCHE EN INFORMATIQUE ET EN AUTOMATIQUE
An application of LARY C: study of
Cardio-vascular Rhythms Perturbations
according to a Sleep Pathology (Periodic Leg
Movements)
Claire Medigue, Christophe Vermeiren, Patrice Bourgin and Pierre Escourrou
N 2597
Juin 1995
PROGRAMME 5
 	

  	 !"$#&%'()*,+-#	
,.0/ 1"+
32(%4256 879+1"$+-:;<
=$ >?(+-#	
$@A-BC&99
72$(@,% DE79+
F#	
G9@IH /J9,569,- LK
MNPO0QSRUTWVXT0YZQS[]\^T`_1Ma1RUQcbedUfEg1a1ThTiRUjkTiQSRTilL_EmOndRUQPopTq(f]\1R[]QrlXO0l-YsmQSTiRRUTtbUopf]\1RRUf]\
uLvxwny0vzi{{}|J~ -vUzx|{|]]y0Zz1zi`xw0{Wzr0`||`vew]ZUrn`|
uvxw0|(0wExw
zi`!w0vx]|Fvx|pe`|vx`|4En~0] i]X¡p00~£¢n~&Zziy0|p
UnitØ de recherche INRIA Rocquencourt
Domaine de Voluceau, Rocquencourt, BP 105, 78153 LE CHESNAY Cedex (France)
TØlØphone : (33 1) 39 63 55 11 -- TØlØcopie : (33 1) 39 63 53 30

 
	J rz wPzivx|&Zz0 ziy0|0]|0|Uw0`Z|p   e`|G]Ze`vxw0`w0Z`ziz
 w4]Zzivz  |U-rzi`ynZziy0|F! #"$%L``v{WzivW]|pnrzix|p	xw&x`|&`ew0`w0{&r%",|v!0w0Z,`'
x|{ ()%"+*,x`vxw0`yn e`|ziZz,`rw- `.`wiw0yirz   ynZzrkzZ x`|UvsUw0vxvx|Urziw0Z0/
1,|pzivxzix|2(31(&*4(vxx|vrz65 w]w`suLvx|pe`vx|2()%5 u7*+8`vx|pzx]`yZ1{w0   zZ|U|pUxvxw'
|ZU|`Zzw0ynvzi`]rz0U,n39(3:;:< =*?>
@ `v&z{ rxw	  Zxvzx|We`|`|3zi``vewEz0ekyAn|B8CB DPw0vx`|}`vxwU|pe`yw
!wi,Ey0vUzi`]r	vx|pUw0vn`yEx`vxw0`y0Xze ] z Jzi`] rziw0-x`|W`w`Ux`vxZz ;u|vw`n  |y
E w0|{|]$( u6EB*?>
uwi,]y0vzi`]rFvx|pUw0vUn `y]ziZz A`r!ZZz ,FnrZz ,k]w0`|01ziHG `vewInr]|$z Lx`|4`||p]|p
.Pw0vx{Wzi  wn- ZzivxrU]rzivx`| vx|Urziw0Z28Z||| vx.Ex`{	Wzive|knKJGU]xwX|?LxvUz0U>
`|2J * ,8`vziv! w{|pnrzy0Zz`vxwU|pe`y`vxwn ]|p&zUw0Z]|Z |Wvx|`ve|p|EUz'
w0 w?x`|`.  w wnyirz?vx.Ex`{	M-x`|	 #"$#EZe`vxw0`wnZ(|Cnvxw0`{|]`vxw0r]|p
x`|	`|pU|pxxzv! xwEw =xwkznx|px=x`|vx|Urziw0Z ] ZN8Z|||x`|p |vx.Ex`{	1 w0v]|vFxw
zi`ew0{Wzirz ,s`vxw`]ZU|z |4w%( zivUn wiz0xU]rziv*Zzivz{|x|v(vx|Urzie|psxw zis|0|]2( z
u;HEO*P>
Qs|ziZz A`|p e`|${	ziy0]xZ]|&w e`| eZzi`y0|p,w0B1(>ziZs`xwi rR#5u1x`|S%"8Z|'
Zz
n wn`vx`vxw0`y0 x`|Uv4z0U,n    ]y0zZ{&r`n|TPvx|pn`|Ze|p-x`|&]|Urz`&8Z|||&
x`|R8Z|yi`]`yw?zivnw z0eU] zv!|vxx`v!8Zzi  wnZziZ x`|{w0|{|]p`ziZ x`|vx|Urziw0Z
xUwnvxrz z0U Aiziw0vx|  |pUe|p8.Wzizi`y0{}|Ezw0Ww-VUznU,0Wwnx`|#:;:< S> @ 
w0`|(]`Z]vx|pWu;HEWz]]rz^Zzi  |]p]zivnw z0xU]rziveZzi`y0|pvx|Urzix|p}xw{w0|{|]
zive|4y0]KW^ziE
MZx`|{}w0vx|wPx|-]x`|	`vx|pU|p]|4x`|F{w0|{|]ziZ	x`|zivx||0|{wnvx|
{!w0vxzi],  `vx|p |ZU|$w-?] ynXU'z0U,n3>`|p |4`vx|U {&Zziv! vx|p] `wIu6HEB`wn
w0],  ,0|GzU|]xvz  `|v!nw0Z`x|{ .`Yc`ZU  wnz0`]vx|px |p xwx`|&{w0ew0vJZe|{[8``
vzx`|vF ,0| z .YP`ZUw0wvx|rU]rziv|?LZez8]  3 ve|pZw0Z A8]|9Pw0v&{w0xw0v\%"=ziZ
Uw0verz z0U, zw0H>`|sz0x`|	0`|p  wnsw?w0`ye|vx{ Uw0Z|pn`|ZU|pFw x`|p | zv!'
nw z0eU] zv;Z`yE?ziZ}x`|vx|?Pw0vx|w-x`|UvZ|peKW^(xvx|pzx|{|] 	z0`nw0Wew$||ziZ
{wnxw0v]|pw0v]|vUw0`|>
0ZxWz z`xw0{Wzi  zi``vewEz0e  ||{W?zi``vew0`vrzix|;Pw0v?z&8Z|xe|vL`Z]|vziZn`y&w1x`|
`.  wnZzix`wiw0y	ziZ	xw4`|Ux`|nrziy0`wE r, z=rzivxy0|& ziv  |w- e  ]rzLzi`]  zw0Z
.0wi,0`y`w0+' ziw0Zziv00w0`y]`vzi  wnZwi,]y0vzi`]r&y0Zzr>
]^_a`+bcd^fehg3i=j4k?l^dmehnFb!n
op`q^_`.ehi^d^disrqtdg3k?l^d^dk?lb!^di&uehcdvr+wxyhk?^)bcfehkPn
t=zk?ngcfehk?nn
i)y{yKit|\v~}k?xehc)bZy
ncdk!ehn
ij7igYyAi3^di?|C4ybb!^dc
d\
¢
 
	a>  {}|'fcvx|pn`|Z?s{|e`w`L]Ze`vxw0`w0ZJ z`y0Zziy0|0Lzi`xwn`w0{&r&`|v!0wnZ
`x|{ ``C`wiw0yirz?y0Zzr Z|vw`n $ |y}{w0|{|]

 
Hn "!"#%$
  $9 	

#9AG X 9"$#9 #9 >79+1"$+ :
& 
#9 >%42569 *+-#	
,.0/ 1"J
+-9 9, +-9,
= L/9  "$9
72$=@=
9 #	"£C4=5569,
sD]G9 H %4;
9 LK
~	
   >|p4` w0yire|UJ|n|U wn`|W`ziZ=|} z`yEziy0|WZEZe`vxw0`|  w0$]|
]w0`| |pF|$Zzvz |U| ! %"%LL|px |E|U |{|]G|pn|z )G| xZ]|G] `|{ ",|v!0|.L
(`xw0`w0{}|T(xC"$=*Uz}xvz
0|v)G ziZz A`|]|p(v!]x`{|p,`C`wiw0yirn`|p(|J]|F|`vUw0vev|'
rziw0Z0/<<]x`{|zivnrz0n`|( $*1uLvx|pew0B(vx| v  |U |( u4R*1vx|p]vzw0--{wn  |&|
z0U An||U|pUxvxw'P|Z| `Zzw0y0vzi`]rn`|T(3:;:< R*P>
",w0xvx|R8``|p JG   Zxvx|v=rz`w0+n|U |Wz``vxwe`|zi`Zwnvx| |Zzv# *zixvUzx|{|]
]|p(y0Zzi.L!wi,Ey0vUzi`]r0`|pz&xvUzn|v G zi`]  zw0se ]rn`|W]|pE90w`e wn] |p0>
 G ziZz,`|]|p?|`ve|yirxvx|{|]ZwA]y0vz`] n`|p]y| `|vz|{|] zx|J]|({Wzi]|vx|nA'
`|U |0``|(Z|`;Pw0`vx]vxw0`x|p |p.cw0ve{Wziw0Z|pU|pexzvx|pn|WZziverU] |vve|px`|vL|p
vx|Urzi  wnZ&|Eevx|v!]x`{|p> -z  ,8`vzv|s]|xvzx|{|]])y0Zz{|pn z J]|pJ 
!|vx{|&``|vx|`v|p|]ziw0sUw0Z]|Z| |W]|pvEx`{}|p`.wiw0y n`|pM )G |.0vxw0``|{}|E
]Ze`vxw0`|$]|& #"$#XPw0`vx]|p,w0` r|pU|pxxzvx|pzF)G| xZ]|]|p,vx|Urziw0Z,|Exve|4U|p
v!]x`{|p <]|	{Wzi]|vx|zkz  U]|vWz`xw0{Wzi  n`|{|]4`X|Z|{S8]|]|Zzivzi{ |xvx|pR(  e
zivUn wiz0xU]rzvx|p?* |p!z `"|#|`|{}|E&(PreZ``|{S0w`ew0]|*P>
"w0Zz
0w0ZLziZz,`|; G zi{] xZ]|J]|peZzi`y0|{|]]W$| ]|,rz4u4>i|Uw0{Zwnv!'
x|{}|E]XC"$z}xvz
0|v  G z0U,0|$]|&U|p(v!Ee`{|p| Zzi`x|F|{w0|``| cv|pn`|ZU|0
|p|U z  `ziZ)G zi`Zzvw0]|pZ|vex`v!8Zziw0ZzivUn wiz0xU]rzvx|p|]|p{S0w`ew0]|p]|
|`vvx|Urzi  wnZLzn|p  G z0U, zi  wn Uwnvxrz|vx|  | | |<Zzv<``|zi`y0{}|Ezw04]| G z0U,0|U
`v)Gh:;:< S>]0`vL``|U|EUz`|]|{snwew0]|p?e`|&%`&Zzi|]?]] n`|0|pL{w`nKW^ziw0Z
zivUn wiz0xU]rzvx|p}|vx|y]zivs]X{w0+0|{}|Ew0]4ev'|py0]KW^zi An|pM|]Z$ w0+0|]
|U |p`v|p(|p]|]|{w0+0|{}|E|; w0E|Wwn`xvx|y0]KW^zi,0|{|]]Z{Zwnvxzi]x|pL|
`v|p|ZU|G z0U,n | U;>;?|pv|p]zi(`v|U {&Zzvx|p&`| cw0]4]Z]|pSE90w`ew0]|p4``|
{Wz  znn |&`|`vxw wnyir0`|)z]|p| |F{w0xv  U|0 {Wzr]`+*w0(``|$.`YPw0ZUw0k]|()G |?LZez8],'
 |Fv|   U]rzvx|Fvx|p!w0Zxz8]|$G ``|$z0U,iziw0{w0evrU|0Zzi`xw0`wn{&r0`|F|Uw0vxrz|>
?|xx|zi``vxw`x`|4 |{s8]|&zi``vxw0`v&| |Zw0`v``|{}|U  |`vx|Uw0{`v| `|Zw0]|(rz}`C.'
w0Zzx`wiw0yi|	|``|Gzr]|Wznrziy0`wE  }`ziZ``|ynvziZ]|Tiziv| |$G z`] rzi  wnZ$e ,'
]rn`|p  {}] rnZzi] ]|p |`vx|yirxve|{|EU1Zwi,]y0vzi`]rn`|pi`w04Uziw0`Zzvx|p1|]|Lw0`y0`|
]`v| |>
, 	4 !+-(  {| x`w]|p;x|{Z'fPv|pn`|ZU|p]rzi`ynZziy0|$ZEZe`vxw0`|0ZZ|{|`|v!n|.Lkzi+'
xwn`w0{|0Zy0Zz.LG`.  w wnyir0`|p1{S0w`ew0]|p
~
Hn "!"#%$
 
*=-9,- 
   	H 	  
 	 -
  -	 -  	+ ~ 	 -;	    C 	\ 
+>¡ 0+8  |pU ¡
+>  ;|pUw0vn`y ¡
    	 - 	 ~
   
¢+>¡ ;`|! %"%  z`y0Zziy0| ¡n¡
¢+>  J  ¡n¡
¢q> +>¡ .Ex`{	]|x|pUw0 ¡n¡
¢q> +>  .Ex`{	`vxw`U|px`y  ¡
¢q> +> ¢  zivnw znxU]rzivZzivz{|x|v|?L`xvznUw0z0Uw0{Zz] `y}x`|$u;HE ¡
¢+> ¢ iy0Zz <`vxw`U|px`y{|x`w`` ¡
¢q> ¢+>¡ :<   ynZz<`vxw`U|px`y  ¡
¢q> ¢+>  #5uy0Zz<`vxw`U|px`y! ¡¢
¢q> ¢+> ¢ :6:7 y0Zz<`vxw`U|px`y! ¡#"
¢q> ¢+>$" 5w.E wIn|{|EU   ynZz<`vxw`U|px`y! ¡#"
¢q> ¢+> ~ 1 ziZ`xw r #5u izivrz8]  |p4ziZz,`r ¡#"
¢q> ¢+>   .Ex`{	xZz`y0|p]|x|pUw0% ¡~
¢+>$" :z8] r`{|](w< +`8!|3|| vx|p]`yWveC]x`{W& ¡  
¢+> ~ (`] rziw0 w0z&Zzi  |]/`{}|x`w`,Zzivz{|x|v ¡  
'  	+ff	 -(\ 	H+   *)
">¡  znxrz<.E!w0x`|pr,x|p  ¡+
">  E `,izivrzix|-,zizRZz A`|p (3E,R*. ¡
/ 	 -
  -	 -  +( -, 0
~+>¡ zivnw z0xU]rzivziZzi`ew0`w0{&r(Z|vex`v!8Zziw0Z  1
~+>  ,(`vUziw0ZziZ]|Urz
`w?zivnw znxU]rzivJzZ	{w0  3!|vxx`v!8Zzw0Z  2"
~+> ¢ |Urziw0Z$8Z|||zivnw znxU]rzivZ|vex`v!8Zziw0ZziZUwnvxrz\UH'znU,0   
3 4 
H 	  0
  >¡ &8Zwn`=L ]rzLvx|p]5 1+
  >¡>¡  zivnw znxU]rzivziZ zi`xw0`w0{  (!|vxx`v!8Zzw0Z6 1+
  >¡>  ,(`vziw0ZLzZW]|Urz
w-zivnw z0eU] zv;zZ{wn  !|vxx`v!8Zz'
w0Z7 ¢1
d\

  >¡> ¢ |Urziw0Z28!|3|| zivnw z0xU]rziv	Z|vex`v!8Zziw0Z	ziZUw0vxrz
UH'znU,0  ¢1
  >¡>$" L ] z ziZ x`|vzi!|`r4u|v Z|pU,0|p7cwnv;u;HE  ¢ ¡
  >  &8Zwn`#   ¢ ¡
  > +>¡ E |x`w`  ¢ ¡
  > +>  `|4]Zx`vew0`w0Zrzi`y0Zzy0| #"$#  ¢ ¡
) 	 	  +- 	   
Hn "!"#%$
+
   -+-F#	"$L
=
`|u;HEBzivx|$]|?WZ`|p z0,`.0wi`EUziv!`w0vx,|yE{}wIn|{|EUwU`vev`yG]`v`y||HM
x`|p |{w0|{|],rz0 cvxwn{ +> ~	xw   |pUw0Z`zivx|&vx|Z|pzx|pz( |pzn"{|p&ziZ |'
ZzivUzix|p8.k~}xw 	|pUw0Z`>1u6HE zivx|&z0Uw0{Zz] |p w0v`wn 8.ziszivxw0Zez)>Z`|kzvx|
wn{|{|pz0xw`erzix|p&x(Zw0{}] zzZ(|?L U|px An| `z
E  {}|?||] `|pe>0]r<ZEZ]vxwn{|
Zz0(z  zvxy0|4`ve| z|ZU|0<nw0|v~ S0|pzivU ~q8``(|wiw0y ziZ	Uw0Z |p0`|ZU|p
w0 x`|4zivnw znxU]rzivJZe|{ zivx|(`+E`w¡p	)>

L|v!Xc| xZn|p&ziZz,`|p x`|Gzvnw'd z0eU] zvT8Z|Zz
n wnv ]`v  `yXu6HE /H, vx|Zw0vex|p
w0`|&z0|¡)M45?wn`vxyi   Pw`z   |pw0x]r,Zwi] 8.ziZz,  `yKLZzi|EUziZ `w'
|pS%5uziZ 1xZzi`yn|p?z0x werzix|pNxWu6E >0;`|z{w1x]rxZ.rxw4Uw0.WZve{
x`|p |`vx|n wnZvx|p]FziZ xwzZz,|}{w0vx|&`vx|per|U,sx`| #"=8Z|Zz
0w0v&]`v`y x`|
u;HE >
Z]||p1Ezvnw'd z0eU] zv !|vxx`v!8Zzw0ZLzivx|vx|Urzix|p xwe`|(`xw0`wn{&r"|v0w0Z`'
x|{ ()%"+*;8Z|Zz
0w0`v
MZx]r,Zzivxw- x`|=",|v!0wnZ`x|{ r;C0wAn|p	 vx|y0]rzi`yz 
x`|;0z c`ZU  wnZpZzvxrU]rziv,4x`|zivnw'diz0xU]rziv?ziZ(vx|p ] vUzixw0v!4Ze|{WUxw{Wz  +'
z  Xx`|Tnz<8ZzrziZU|GzZ xwkz  we`|Ww0veyEzi]r{ ewz0`zi`4ewxZzi`yn|p 4Uzix|>
`|	xZ.w- x`|zivnw'diz0xU]rzivFvxC]x`{WR(1|pziveJzx|2(31#*vex|vrz5wEw`suLve|p'
w0 ()%5u<*!*ziZ x`|Uv% zvrz8]  |p=rzvx|pz0.9 |U  E`wsz0(z}`w0]Ciz0,0|{|pzw
.0|pyEzi  `y	x`|%%" 0¢	)>
@  x`|vz
 vxC]x`{W Ewn]A	x`|yiw8Zz  !vx|p]`y	|-|pUw e`|3w&Uw0{Zwn`|E Z]{T'
Zzie`|rziZZzvz0]{Zzix`|   ()iziyEzd*nw<x`|&#"=S8ZzrziZU|4zivx|||H> @ We`|#1(.Pw0v
|?LZzi{]|0Lx`|y w 8Zz |-|pUwz ]{Zzix`|  znU, ziw0Xrz z0U|U|vzw0- `|vx|pzn
x`|(|-|pU?w<zFZzivznE{}Zzix`|rz0U Aiziw0}r z&]|pU|U|vzi  wnH>C !wEx,8]|xw$]|peUv,8Z|
{wnvx|W`ve|pe  |UA e`|WZzivere Zzw0 w|pz0e Uw0{}ZwExzEFwx`|2#"=Zx`vxw0`yn 1ziZ
%5u izivrz8]  |p>H({w0`ye`|&cvx|pn`|Ze|p&8ZziZ`$E`wxw}vx|  |pUe`|%#"=Gz0U An0
w&w e`|{ zivx|wEe|vx|p<Pw0vx]r xZ.a/
';]y0 cvx|pn`|Z?8ZziZX(31;* /
&8Zw0| q>¡p~1 %014vx|  |pUUx`|Zzvz0]{Zzix`|   xw0`|Wzw0`|M w0sx`|21 r4z |p
|p ] vUzixw0v! i]Z(vxvx.]x`{&rz2( (R* ziZ},rx`|4ZzvxwVizivrz8]  3 vx|Urzix|p	xw}x`|
vx|p ] vUzixw0v!?`e|pM-(8 (]|pxUv,8!|psz0(ziZUvx|pz0 |4 `|pzivx(vzie|4]`v`y	 Z ] vUziw0
ziZ zW]|pUve|pz0|$]`v  `y|?L`]vziw0H>1]r(]y0Pvx|pn`|Z?kz0U An	 (zrw cwn`Zw0 x`|
%5u  zvrz8]  2xzi	w0`ZwE  e|`Zz0 |¡p	\>.Qx]{|pxZz]  {WCnwi,0|p1]x`| 8]w'
 z0]|(w-x`|U|]xvz  ,yn|`|vzix|pFZ]vzxw0v!W]v An|ziZ}x`|8]w zn]|w1``y&vx|pU|`xw0vU
]`v`y&Z]vzw0Gzvx|vx|p!w0Z,8]|&cwnv z`ZznriziyEz! `],8]w0 +	)M0e`|p|vx|p]vzxw0v!
|-|pU vx|p]vzixwnv!W?`e |&ziZ}``y nwi`{|4xZz`y0|p`{w`]]rzix|x`|%%5u`x`vxw0`yn8Zz'
vxwnvx|pU|`xw0v,{&] zw0H>
d\

'; {&r`n|Rcve|p0`|Z?8ZziZ9(E ;* /
5||| +> 0¢ziZ+>¡~1 %0!Fr&vx|Urzix|p xw x`|Gzvnw'd z0eU] zvWUw0]xvxwiwx`| %"=Z
x`vew0`y0x`|(zivxx|vrz+8Zzivxwnvx|pU|`xw0vLzZ&x`|!|v``|vzH z0 w0{w0xwnv<vx|yn] zw0H>E`|$8Zz'
vxwnvx|  |?L|p=.0wi,0|	x`|wUw0{Zwn`|E <]{Zzix`|  	ziZ Zzivz0ZE{Zzx`|rS`|vx|pzn
x`|Siz0w0{wnxw0vz0U,0	Cnwi,0|px`|&]{Zzix`|rTUX|-|pUw0 0|pe|UUwnExvUz0Uw0HM!x`|
8Zzivew0vx|  |?L=Pvx|pn`|E  z  z0U An00z  |p Ekz
0|v;z
0|p yi,0|pLz,Z|pzFvzix`|v<zvxw0`Z-+>¡1 %M
x`|R z0 w0{w0xwnv?w0`|0`vUzix`|vzivew0`Z&+> ".1 % n¢E`" 
<8Zzivxwnvx|  |?LGve|pZw0Z |p]|v,0|&Pvxw0{Ex|vUz0Uw0Z<8!|3||{&]]|$ve|  |?LW``` x`|
xZzw0F 0|v!4Uwn{]|?L$ziZFx`| Pvx|pn`|Erz`z0U,0$Uwn]  8Z|ZUvx|pz0|p]ewIzivU+>¡
1 %
 z0 |w&`vx|Zw0Z]|vUziEiziyEz,   `|ZU|DMUw0Cn|v|U,0Uw0]r 8!|svx|p]ZU|pxwziv
+> 0~1 %(  z0|wL`vx|!w0Z]|vzi]]{Zzix`|  J  `|ZU|  0¢	)>
]r$0Z w Zzx`wiw0y	vzr|pn -|vx|]Jn`|pw0Z0/
¡>1wxwzi`xw0{Wzrz A 0ZzEKdx`|&{Wziy0]xZ]|&w?e`|4Z|vex`v!8Zziw0Z(w`U`vxv`y
w0x`|4zivUn w 'd z0xU]rzivveC]x`{Wne`|4`vxvxw0`Zn`y	w?zu6HE 
+>1w xw4xZ.e`|#"=S8Z|Zz
0w0`v0x`vxwn`y0x`|z0U,n FWe`|]y0ziZ&{&r`n|
cve|p0`|Z?8ZziZ`,w<e`|p|4vx.]x`{W`]`v`y	x`|p|4`w0veZ|vw`` 
¢+>& zi%|L`vx|per|vx|Urziw0Z w zZxz 3&8Z|||4e`|?n -|vx|]vxC]x`{W  Uw0]r4u;HE
8Z| vx|p!w0Z,8]|9cw0v	x`|zivUn w 'd z0xU]rziv!|vxx`v!8Zzw0Zw0vGz U|ExvUzJUw0{{	ziZ
vx|p!w0Z,8]|=Pw0vzvnw'd z0eU] zvJziZ {w0  W!|vxx`v!8Zzi  wnZxwny0|x`|v 
"><ve|x`|p|4!|vxx`v!8Zzw0Z{w0ve|( {}Zw0vxUziE(]`v`yGUw0verz z0U,iziw0 
 wWziZ|ve`|p|40`|p w0Z4 |Z |p}  ZzivxrU]rziv( w&`vxwnZ|vx|p,w6J &/
¡>*`|$ZEZe`vxw0`|4Uw0ZU|`(w! %"% /
Qs|&Zz0 xw	vx|p!|pU4x|{}Zw0vz  vx|Urzi  wnZ&8Z|||s`|pzivx%8!|pzi(w`U`vxvx|ZU|p-zivex|'
vrzZ xwi r<8]wEw`&`vx|px `vx|Z|pz`LziZ4u;HEwU`vxve|ZU|pMix`|(! %"%	rzi`y0Zzy0|
Zz0(`vx|per|U, x`|&`v{Wziv! `vxw0!|vxxwW!|vx{&4ziZ xw20|vKdvx|Urziw0Z 8Z|||
vx.Ex`{	>0-wFw0`v6]`w|p]y0|00`weZ.  w%zivpWe] {|pnrz<]w0{Wz-nZz0?zi`ew'
{Wzirz , |pz8] r`|p  +`%8Z|||kn -|vx|]vx.Ex`{	MZe`|4{w0ve|4wPx|-!|0|EU
w0n -|vx|Ey0Zz  (zivx|]|x|pUx|p} Zzivz |U ziZ	x`|Uvve|U zw0Zzivx|&n  Zz A]|'
x|vx{&`|p>
]Zix]rL`vxwnZ|vx$z  w|p&ZLew4zi`xw0{Wzrz A]|x|pU?u;HE ziZ&ew4zn|vziy0|w0
  `|e`|JzivUn w 'd z0xU]rziv<izivrz8]|pUw0vxve|pZw0Zn`yZ]w0|vx`|p|Z|peKW^(Z|v  w``>.
x`|4xzi{}|%;z
0nJz  w|p	Zew${}|pz0`vx|4]|Urz
$8Z|||x`|R8Z|yi`]`yE(w61=
#5u`{wn  Z|vex`v!8Zziw0Z,xw&`vx|per|Fvx|Urziw0Z,wzZxz 38!| ||e`|{F>
Hn "!"#%$
¡
+>*`|4  {}|'fcvx|pn`|Z?{|x`w`	wLx`|4{}|pn z - A8`vUzv! /
-w	xZ.x`|%%"= 8Z|Zz
nw0`vp+|(Zz0	xwSPwi wI `vx|per|U, `w0vx{|%izivrziw0Z
 zi{] xZ]|0znx`|Zzi`Z|`vxvxw0`Zn`y zu;HE *e`|]y0 ziZ{&r`n|
cve|p0`|Z?T8ZzZ`M`z0Lx`|erz0xrz  L  `w0z0`z`x|p&xwF`w0Zzi  wnZziv!y0Zzr
|Z|px`|&0{}wEw0e`|pu?|Z]w2Q yn`|v 
  |W vziZYPw0vx{(xEu Q 
&*P>
  
}
?(56; 9+
JW($# 5692$4# 
 
	
<w&Zzi|]+,] e`w0`zi`w0e`|v Zzx`wiw0y2|vx|vx|pUw0v]|p]`v  `yzF]y0E(zix`|%+'
xw `|5 |pe|ve|$`w]]z)> @ `|`ve|p|Ee|pz	!|vwOxu;HE w;z-8Zw0`F3w	`w0`v> @ 
x]r=Z|vw` %;zn!wEx,8]|WewGeZ.k]&|]rw]|p=w;u;HEIxZzi& |&z |p G u;HE+8+'
|pUG,/1z+8  |pU,r(x`|4!|vw `vxvew0`Zn`yz{w0|{}|E,] esUw0]zZe`|s1(>ziZ
%5u Z|vxe`v!8Zziw0Z>, ^`vx|U {&Zziv!Uzirrvx|p]  |ve|?w8`z  `|pscvxwn{ x]rWZv LZz'
|]?vx|pUwnvn`y>``||pUw0Z Zzi|Evx|pUw0vn`ySz0w0],TnrZz ,|?L z{&`|pxwFvxw0`y0],
Uw0]xvxwZK<`|(Zz0e`|Jxz{|8Z|Zz
nw0`v>.Z]||p1`e]  WZv  xZ. ;znL{Wz],]|0w0x|p}xw
8`] rszF`vxw0xw`Uwi zZ	xwW||%Zzw0x`|vvx|p|pzvxzILEr,Zz0xwT8!|4]|0|Uw0`Z|p>
 

 
0zZ`ziv Zwi,`w0{`w0ynvzi`]rve|pUw0vn`yE%|vx|}Z|vPw0vx{|pX]`v`ysz]y0]> ,zz2|vx|
Uwi |pUx|p w0 ZziZ|vevz0e`yEziZ {&]zi`|w0Z,nyi %|pO8C x`| ,%:6]H%E : , wP!'
zivx|Zzn!iziy0|4zi4¡ +S1 %4ziZ xw0ve|pw0 w0`rnr>
 ,0|y0ZzrS|vx|	wEx|ve|pRcw0vFx]r&xZ.ziZ `vxw`U|px|p  J  /-|U|pUxvewk|+'
U|`Zzw0ynvzi`]r9(3:6:7 =* |U|pUxvxw0{S0w0ynvzi`]r2(3:;EB R*w0  |?PziZ vy0]zi]x|vw0v4 A8]rz'
 r!|U |pUevxwzvnw0y0vzi`]r (3:7 =*]zivxx|v  z 8]w]w `vx|px`ve|S()#5u7*P>.#5uXr(Uw0]`w0Z,
{|pzn`vx|p}w0TWZ`yn|v68.Wz`w0}Ciz0,0|{|pz-0Z`y&x`|  Zz`vx|p$( @ `{|p`z&0¢  ~* ¡p	)>
?wnvxvx|p!w0Z]|ZU|T8Z||| ZziZ|vFxvz0e`yEzZknyi %|p vx|pUw0vn`yE&z0(|Z `vx|p98C z
{|Uw0`]x|v, H  / 4z  w|pxw  w`zix|&|0|],w ]x|vx|p JziZ xw20|vK e`|{
w0 ZziZ|v,xvz0e`y>
! C 
@$Jk+-F?9 1 -
&@
`|(`| z``vxwEz0eyi,0|T8.TH  ]|!|Z`w0w(Zwi]/0e`|Z|,w-x`|]Zx`vew'
`w0Zrzi`y0Zzy0|4 #"$# xw&ziZz,`|vx|Urziw0Z ] Z78Z|||Wvx.]x`{W?zZx`|; ,8`vzv!w
{|pnrz?y0Zz`vxwU|pe`yW{|e`w`ewWUw0ZxveZUx`|p|vx.]x`{W>
d\
¡n¡
  
 	
     
 #"$#  (z`ziz  wIFZw0v  |]x|p EZe`vxw0`wnZ, z`y0Zziy0| cw0v]|pxUv,8]`yve|U zw0Z]Z
zi{}w0`yG  ynZzrzi izivw0Zxz{]  `yvUzix|pMZ  ynZzrzivx|$ |p0`|ZU|p=w?|0|]; ekz0x w'
erzix|p  z`|p>1`|&Uw0ZU|`w0w- {|=s! %"%  (z&{&]{WzLw0`|0Z |v!0`y	w0],xw
]|pxUv A8!|zizi`] rziw0 z]|x|vx{&]r&z ( xzi{|Uw0{``Uziw0Zz,z
vx`	 x`|
xz{|wnv]|v*PMnZzivxrU]rzivp `w ]`vUziw0	rUw0Zr]|vx|p zi?e]   |n|U >1`|nrxUvx|x|F{|
z0ewerzie|pF; ekz	y0Zz (z |p x`|2G ewaG!w?x`|&y0Zz)>-`|Fvx|Urziw0Z]Z4z{w0`y
|0|]zvx|/
'`vx|pU|p]|ZU|/Zw`U`vxvx|ZU|p,w?zxzi{}|4y0Zz zive|xw0z ,	w0v]|vx|pM
'{$]z`|U /`w$w`U`vxvx|ZU|p,w?n  |ve|Ey0Zzr,{Wz
T8Z|&{$]z`|w0Zwnv`w0M
'P`ZUw0Zz)/+iz`|pz0xw`erzix|p2x{&]zi`|w0Z,|0|]{Wz
s8.& +0|p8.Wz&Uw0{`+'
zw0|?L`ve|pxw0H>
 #"$#	`vxwnr]|pLz{	z |wZx|{!w0vzEwnZ|vziew0vp .JGe|EPw0v-|?L``vx|px`y4z +0Z`
w?]Zx`vew0] %pziw0ve|U zw0Z]Zzi{w0`y}x`|4ew,w<e`|$y0Zzr>
`| zi`] rziw0*{Wz
B8!|s|| z0}zsnvx|pUx|py0vzi`HMziv&vx|`ve|p|Ey0ZzrziZ ]|'
!|Z`ziZe|p%8Z||| ```ziZwn`x``w?e`|4`w`]|pM^z}`w`]|4|?L``vx|px(x|{!w0vzLziZ
P`ZUw0Zz UwnZxvz]Lw-<x`|y0ZzrxZzi;Uwn``|pU>``|F! #"$%sUw0{] |v0|vKWZ|p
x`|,yiw8Zz Uwn`|vx|ZU|w1x]r Uwn{]|?L ve|U zw0Zz Ze|{0ziZS8`] r`x`|Uw0vxve|pZw0Zn`y
zi`ew0{WzixwnTPw0vz&Uzivxy0|{Wz0e]`|  ]-¡¢E ¡ "Z1¡p~`-¡   Y>
  
 
Qs|(|Urz8Zwnvzix|p	z&Uw0{]|x|(`vxwU|pe`yWxZz  	H  ]z$ wczivx|Zz0 zy0|<Pw0v`C.'
wiw0y z vx.Ex`{	4ziZz,`r`vx|n wnZ, ]|pxUv A8!|p> ¡   <   ]  MH *rS8Zzn|p
w0 x`|}! %"%XZ]Zxv  z ?|Cnvxw0``|{|]w ]|0|Uw0`{|] 3 ,%:
>J )r
``!w0vxx|pN8C&" zZ QZ]w>E;`|  w)eZzivxLw1x`|`w |,Zzivz |U^`vxw`U|px`y
Pw0vx]r(zi`] rziw0r(`ww0  y>¡ M0,rn,0r]|p ]xwx`|&Pwi wI; `y	{Wz w0v<8]w`!`/
 
!    H X
 C + 	 
>ZzivUz  |U`vx|`vxw`U|px`yw<x`|Fvz
*y0ZzryAn|px`|4ve|p]`yWvx.]x`{W/
' `vxw0{ x`||U|pUxvew'zivnw0y0vUzi`]r$  ynZz6(3:7 =*Lxwe`|`|pzivxvzx|=(1&*
' `vxw0{ x`|4zvxx|vrz\8]w]w `vx|px`ve|$y0Zzxw&x`|4`xwi r`vx|pe`vx|4veC]x`{[()%5u<*
'  vxw0{ x`|, |y]{w0|{|]y0Zz (3:;EB R*<xwzS8!wEw |pzvxC]x`{[G {w0|{}|E!' zix|#"p`w
{w0|{}|E zix|G4(P{*
' `vxw0{ x`||U|pUxvew'P|ZU|`Zzw0y0vz`] }y0Zz6(3:;:< R* ewx`|=U z0U,n3y0Zz
$&% Y| % ig)v
nk?x~}kyhi6j^ditdc('f^dkehtdiP|*)-ao
l,+4i^dneht| "#.-0/.1<j4^ditdcVi3o
iw32z
^)b!n
g3i54
Hn "!"#%$
¡p
 
!
   H X- 	 ~
  
 {|'fPvx|pn`|Z?s`vxw`U|px`y w x`|21 ziZ e`|W`xwi rS%5 u8C x`|{}|pzi wx`|
0{w]w0x`|pu?|Z]w Qy0`|v 
  | vziZYPw0vx{ (xEu Q 
&*xZn|p	x`|Fizivrz8]  |pw
]x|vx|p(w0x`|p|w&vx.Ex`{	
 
!  	 	  	 +	
 -,	&	
	# . ~
H
	 	  		  	       ,
$ce|vx`|vx|p]Ze`vxw0]rxziw0 w x`|	]|U z
`,Exvew]ZU|pO8C x`|Wn -|vx|]4x|Z-ziXzi+'
xwn{Wzir}|pz8] r`|{|]Ww-  +`S8!|3|| vx|p ]   `y vxC]x`{WF{Wz-0|pFx`||U|pUw0 w
!|peKW^&Z|vw``%(|> y>]|Zw`xZz e`|=8Z|y `]`ywLvx.Ee`{WeZzi`y0|pZzx`|{Wz
L]{&`{
w-x`|(xZzi`yn|pi	x`|J `vxvxw0`Zn`y&w z={w0|{|]*<ziZz  wxw4Uw0{}``x|w0|vLe`|{
|U|{|]ziv!zrrMn yAn|pzrw&x`|]|U z
`<8Z|||	Z|vxx`v8Zziw0Zw0	x`|4n -|vx|]
vx.]x`{W>
data reading
EMGABPECG EEG
SPWVT
SBP HR
detection
alphalm 2 Hz
128 Hz
HR acceleration
SBP rise
detection
HF MFamplitudesdelays
preparing statistical file
HR, SBP, alpha-activity, leg movement (lm)
  yn`vx|¡/	

! "

#$
% &"'((*)+,-".! 
/*,%" 0)1"2)3+,
 (      54    76    

     8 	:9   	 -  	H~
  
 vxw0{ x`|=:7   ynZz+||?LxvUz0Ux`|`|pzivevzix|>
`|	vz
 :7 >rF`vx|?W`x|vx|p x z  ]x|2{`]r|;|pZw0Z |2W` e|v (  &* w0vU]|v
xw ]|v, zie|ziZ xwvx|U.cwnvU|We`|<;(sUw0{]|?L`|p>L`|]|x|pUw0  R8Zz0 |p w0Xx`|
Uw0vevx|Urziw0 8Z|||x`| W`x|vx|pF:7 zZx`| W` e|vvx|pZwnZ|=`w]|$ZzZ|r(zW]|v A'
izix|p=;(/|pz0x {|Wz]|e|pUw0w`U`v x`|vx|p Zw0Z|}r{w`nKWZ|p 8C x`|	U`vxvx|]
d\
¡¢
   
0 15 30 45 60 75 90 105 120 135 150
0
268
535
803
1070
1338
1606
1873
2141
2408
2676
0 
25 
50 
75 
100 
125 
150 
175 
200 
B
lood pressure (m
m
H
g) 
H
ea
rt
 r
at
e 
(m
s)
 
Time (s) 
leg movement 
heart rate 
alpha activity 
blood pressure 
 y0`vx|	+/   2) 5$1$+0  / ( 
	 "* $:"(/ +01%+0) (* )+  SU1$ )$)3 / ) (
)+  )3 "/+ )3(<+ 2 
1,'$+0(*),+ 
 ) (< '
+7+ !  2)+, 
$'+  %+02 *
 (.$
 (''"
;(]|v,izix|pUwn{]|?Lw0x`|=:7 (|p>-¡-*PM]x`|&W`x|vve|pZw0Z |r]rz  %|pB; ez
]|v,izix|p ;(G ZziZ|&ziZ	x`|&Pw0vxy0|x  `yN z0Uew0v',r<W+L`|pxw +> ¡    1¡ " )>
vx|p Zw0Z|  ! #"?vx|p!w0Z| $&% ¡ (' (¡)%* +*+"-,/.1032 $  (¡*
(z0`zi`zi An|?x`vx|p `wir$]|e|pU-e`|;X!|pz`<ziZFvx|e`vxZ-e`|;, y0Zz`w0v<`|pzvx<vUzix|M
x]r, y0Zz ^re`|J|v  |Fw<x`|nrziZU|p78Z|||3w& Z|pz`]|> y>]x`|]`{S8Z|vw
:7 xzi{]|p&8Z|||wW!|pz0MZx]r(nrziZU|Fr(ZZz , xvziZrzie|p	 {W>Z]r
`|pzivevzix|Fr( z0Uzis``vx|y0]rziv Asxz{]|psy0Zz)>H( |p0]rnrzE&vx|pxz{]  `y  ¢	
zi(1 %(r(zi`] |p>
   
  54    	 - 	H~
  
 vxw0{ x`|%%5u)y0Zz  4||?Levz0Ux`|{	z
LE{Wz  Zewi   8]wEw` `vx|px`vx|S(eC5 u7*P>
`|]|x|pU  wn r&8Zz0|p w0kz	{}wnKWZ|p 0|vUw0 w?x`|zy0w0vx`{ w uLzi  0]L¡0¡i^   )>
>xzi{]|4ziZ}`wir	x|pe`]r0`|= ;Z|p cwnv e`|JUw0Z xvxZUw0wLziW|pn]rnrzi]xzi{}] |p
y0Zz  zi1 %>
Hn "!"#%$
¡ "
     8!8 9   	 - 	 ~
  
 vxw0{ x`|=:;:< >y0Zz+||?Levz0Ux`|=UXz0U,n3>
`|(w0vyiZzH:6:7 y0Zz Zr?+8Zezi{]|pzi   "C1 %> !z0  w0`v|v  vziZ3cw0ve{ !|vcwnv!'
{|p w0 zW  rn`yF; Z]w>w n~   Zw ]>1`|zivx|pzNPvxw0{ +}xw ¡0¡1 %r,Ex|ynvzix|p ziZ
x`|Fvx|p]`yy0Zz-r(+8Zxzi{]|p zi1 %>
    ' 4 	, 	      =  	 - \ 	H+  
`|Fvz
 |yE{w0|{}|E,y0Zzrw- x`|wW|Z w0vzive|4z0`]|pziZ zS zvrziZU|$y0Zz 
rzrU]rzix|p wn z	 rn`y ; Z]w>w ~1!wiE0> W+L|p x`vx|p `wirrzi`] |p w0x]r
`wnvxLx|vx{  zivrziZU|(ziZ]|x|pUx`|<8Z|yi`]`yWziZ |Z&w z={w0|{|]M  ]|x|vx{&`|p
zS8!wEw |pzky0ZzLUw0vxvx|p!w0Zn`yxw&x`|$ zix|p{w0    "`w{w0  >
   
/    	  D \0 	 -
9 54  +	 	  -
, ~ 	  	 - \
`|&>ziZ  xwi r%%5 uvx.]x`{Wzive|`vxwU|pe|p98Cz&{|'fPvx|pn`|Z?{|x`w`1!x`|
0{w]w0x`|p	u? |Z]wsQy0`|v 
,  |$ vziZ3cw0ve{ (xEu Q 
&*,] eyi,0|px`|(ZwEe,8]  xw
Zz
0|Wz.]Zzi{&r}| zZzi  wnwx`|	Z|pUxvUz?Zw|v$ziZ xw`vx|per|U,BPwi wx`|W `w0vx
{| xvUziZw0Z}wJ`wn+'ziw0Zzv!)y0Zzr} ,0| x`| 1( zZ %5 u>{|'fPvx|p0`|Z?
{Wz`] `y rS8Zz0|pXwn x`|nrxUvx|x|Qy0`|vWnrxv A8``  wn zZ ]|pUw0{Zw]|p&x`|y0Zz 
z0zXP`ZUw0*w4{|sziZ Pvx|pn`|Z?  E ¡ n~ Y>6A{Wz
L] {	zJ  {}| zZ Pvx|pn`|Z?
vx|p wi`w0 rz0e] |n|p 8C Z`y	Z]|Z|Z]|]{|ziZ cve|p0`|Z? {w]w0x]`y>H5|?cwnvx|
x`|&Eu Q 
J]x`|4, y0Zz z0`vxw`U|px|p28.z$]|evx|Zn`yWxwz
0wir}w cvx|pn`|Ze|p
8!|U w +> 0¢1 %06]re*Uw0]r z  |pU	x`| ]y0`|v2Pvx|p0`|Z? 8ZziZ`	w]x|vx|p2Pw0vx]r
zi`] rziw0H>
.](4*   	 
   
  
    
! #" 1'$ '%#"'&! '% %(*)+-, .0/*132
( .*
'54&rFx`|ziZz,]rW  ynZz]|v,0|p Pvxw0{Ax`|G, w0v&x`| xwi r2#5uvx.Ee`{<xz{T'
]|p zirU|4x`|="$n]r$cvx|pn`|Z?
'64 & rx`|&Uw0{]|?LkUw0i`yEzix|(w74I>
'4z x|{!w0vz{}wEw0e] `y w0!98 ;: xzi{]|pFrUw0{}``x|p1LZ`ysx`|; Z]w ,0`|vx|
x z&vx|pUz`y0]rziv<Pw0vx{
d\
¡~
'|pz0eGxz{]|vx|p ]   `yRPvxw0{x]r?wnZ|vzi  wnr;Z]w |p x E0e`|Pvx|pn`|Ze z ; +'
]w x zFyEziZxrzi cwnvx{ w0* ;:Fxzi{]|p
'e`| !z0`w0`v  |v&-vUziZYPw0vx{ w x]r Z]wI>`vewInr]|p4z!|pUxvx`{ ziwn`|4ZUziE:+
w0 ;:$Pvx|pn`|Z?8] Z ( +> ~4`wnvx{Wz r|p2Pvx|pn`|Z?*
'x`|&cve|p0`|Zerz?{w]w0x]`y( P*Lrw-;¡p1+$ezi{]|p>
'x`|x|{!w0vz<{w]w0x]`y(", ?*Lr,w "Wezi{]|p>
)e] 	xZ.0x`|e`wE| cvx|pn`|Z? 8ZzZ`SPvxw0{Bx`| )!|pUxvx`{  |ve|x`| 1 
ziZ}x`|%E  Pvx|pn`|Z?T8ZziZ` n¢ YM0x`|p|&8ZziZ`;|vx|z0 Z x|pew4x`|(Zzi|]; Z|pUxvz 
z0U An4 1  ziZSE kznL`w&w0  y4¢qM0wZx`| 1 F8ZzZ=z0Le`wE|S8!|3|| q> "'
+>   1 %M  Z]||p1ie]  Zzi|]<`ve|p|Ee|p4z$0|v!$ z0 H8`vx|pzix]`yZizivxwn`Z+> ¢ziZFw0{|  {}|p
+> ~1 %M x`|E  8ZziZ z04e`wE| 8Z||| q> 0¢' +> `¡p~1 %MZe`| G ZUziEUzi`|w0ZG Zw|v
!|pUxvx`{ ;znWUw0{}``x|p |pz0e Z zi]pw0|vW|pznxDPvx|pn`|Z?D8ZziZ ziZ vx|p]zvx|
|?L``vx|px|pG  
	  >
   
0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0
0
1494
2987
4481
5975
7468
8962
10456
11949
13443
14937
Hz 
m
s
*
m
s
/H
z
 
 y0`vx|$¢q/  ' (   $    ".8   )3$+0
    3   H XS1	   ~ . + 	 
`| vx.Ex`{	xZz`y0|pzivx|z 1( z0U|U|vziw0*ziZ z  xwi r%5 u zi`yn{|EUziw0H>
`|O |ve|W`vxw`U|px|pO8.z	w'PZz0x  ]x|{}`]  ||pZwnZ|2W`x|v2(  &*xw z
0wir
`wnvxx|vx{IwExe   zw0ZM; {]|seZzi`y0|wx`|2W`x|vx|p y0Zzr	w0Z| w0)zs rn`y
Hn "!"#%$
¡  
Z]w w-$~XZwi]]|x|vx{&`|p x`| 8Z|yi`]`y*ziZ|Z w4x`|seZzi`y0|p><2%5 u
eZzi`y0|p;|vx|(`w0z0?{}wEw0eWz0*eZzi`y0|p]z&Uvx|v`{ w<eZzi`y0|(Z|vU|]%( ~ *\z0
z0`]|p xwT%5u)zi`y0{}|Ezw0]|x|pUw0H>
       	 #6     	          
	  6 
Qs|&|pUz8]   `|p +`%8Z|||e`|%Pwi  w`yvx.]x`{W/1(1`xwi rR#5uZe`|$y0Zzr
wLzi{] xZ]|(F1XziZ2E  cw0v<1 ziZ2%5uEziZ	x`|(vx.Ee`{w<u6E w`U`vxvx|ZU|p>
`|R|vx|z vx|pezi{]|pzi< 1 %xw&8Z|`vxw`U|px|p&ew0y0|x`|v<zZ4ve|pEZe`vxw0]r|pN8Z|pziZ|
x`|4n -|vx|]`vxw`U|px`yWe|ZExvew]ZU|4]|Urz
0M`x]r<z0]w0`|%8.Z`ySW`x|v<; ez
 `|pziv`Zz0|0 `vxw]Ze`yzUw0ZUziE,{|4]|Urz,] ekz8Z|4|?LZz0U,]`wH>
$ce|vvx|p]Zx`vxwn] eziw0-1z G u6HEI+8`|pUGz0,zi`xw0{Wzrz A ]|?WZ`|p  H  /1z
G u;HEB+8`|pUG]r,x`|4|w?zivnw znxU]rziv izivrz8]|p(|?L`xvz0Ux|p} x`|4`vxvxwn`Zn `y	w
z={w0|{|]Mpe`|p| zvrz8]|p zvx|xwnvx|p&ziLx`|8!|yi`] `y	ziZ&zi?x`||Z}w zeZzi`y0| (
1(*z0U|U|vzi  wnkziZ`xw r&%5uXvr|* z0Uw0{}Zzi]`yWzF{w0|{|];zZzivx|zn|vziy0|p
w0 ~ Zwi] ( +> ~ |p
*P> @ ]A u6E'+8`|pU `wE|	{w0|{|]$Uzivx  |ve|W|Zzivzx|p
8.Gz?|px(¢ FZw ]&(U¡p~&|pUw0Z`?*6|vx|zi`xwn{Wzirz ,G |U |pUe|pMZx]rr(]w0`|xw&Zz
0|z
.Je |](Z|vw`Pw0vxZ.n`yWe`|4vx.Ee`{WxZzi`yn|p<8Z|||wu6HE >
  
 4 4     74    6    
:4   	6  
z8]|%?`{{Wzvr|pLx`|({Wz	Zzivzi{}|x|vZ|p x`|y0Zz-`vxw`U|px`yeZz-Pw0vx`|
eZn |p Zzi|]M-w0{}|4wx`|{[  8Z|}{wnKWZ|pXcwnvJz	y0|`|vUz   |peZ.a/1`|>vx|pUwnv!'
n`yE<;  \8!|4nyiz  %|pkz 0~   1 %ziZ	x`|(x`vx|p`w 	w-<x`|%1O8ZziZ	Uw0]r8Z|(w|vp
xw  ZeZ]|e`|vx|p]vzixwnv!Wz0U,n3w-z   +8` |pUU>
z8]|=?/aE |x`w``Zzivz{|x|v
  
! "$# %& '()+*, &.-/102&$435%'2&."6 7+8,9;:=<
>=?"$# %& '@()+*, &.-A/B0,&C %& 'DEF/FEG$ 8H:I<
JIE EG02LKC0(
# %6.KFM()0,NPORQSKFT+-%02& U,V2V,V
:=%6',E()+*, T&.-/CW.&XKCYZ:[\ V ]^8_D:I<`NVG] U,:I<aY)#X+bC02&CV ]^c2\
QC%LK Kd6()+*, &.-A/BWX&.K1YZQ1[e\ VG]^V2cf`NV ]7+ga:I<DY#.+"b$0,&hVG]^V2gi:=<+\
JIE EG02LKC0(
# %6.KFM()0,j@kl%;Kd+-A%02& gDm
QC%& %C.KFG?%02&CW.Tn3T&on30Hp0"(
ORQ c2Va#X02%&F?qG7+ga+-
rs%&.Kd03s& '2E()02M$+"&  ga#.0,%6&F?q28G]^gi+-
d\
¡
‘P
LM
’ s
ub
je
ct
M
ax
in
um
 o
f 
th
e 
rh
yt
hm
ch
an
ge
m
ea
nR
R
H
F 
-R
R
M
F-
R
R
m
ea
n 
PA
S
H
F-
PA
S
M
F-
PA
S
B
as
ic
 s
ta
te
m
ea
n 
R
R
H
F 
-R
R
M
F-
R
R
m
ea
n 
PA
S
H
F-
PA
S
M
F-
PA
S
25
 s
ec
av
er
ag
in
g 
on
 5
 s
am
pl
es
(2
.5
 s
ec
)
 y0`vx|"/   +0) )+<"   8 (  *'
 C= ;<
 !
?JG+-F?9 1 
$@
, ;e|p%|vx|}Z|vPw0vx{|p w0Xx`|W] G u6E+8`|pUG<zn4e`| |vx|]|?WZ`|pXz8Zw0|/z
G u;HE+8  |pUG r(x`||(w zivnw z0eU] zv% zivrz8]|pew0vx|pzx`|R8Z|yi`]`ysziZ zi
x`||ZXw-Jz xZzi`yn|M\,`|)xw0vx|pXziFx`|8Z|yi`]`yXwx`|eZzi`y0|0x`|s{	z0|	x`|
G{8Zznr?'zix|G.izivrz8]|p&(w0vUw0]xvxwid*PM `|xw0ve|pzi?e`||Z	wx`|JeZzi`y0|0nx`|{Wz-0|
x`|2G {Wz
L]{Wz,'eZzi`y0|'zx|G. zivrz8]|pR(  y> "+*P>E;] (|w-Vizivrz8]|pZeZ]|p/
'x`|vz
* zZ	<izivrz8]|p, 1  ziZE 
'x`|vz
* xwi r%%5 uziZ	7 zivrz8]|p, 1  ziZE 
4  +  ~9	 	a     	 0	+ ~ / x`|GzZz,r&w-,n -|vx|ZU|pS8!| ||DG{8Zz0  ?'
Uzix|GpziZ2G {	z
LE{Wz A'eZzi`y0|' zix|Gz0 ]w0`|xw|izZzix|x`| {}Zw0vxUziZU|?wZe`| zivnw'
iz0xU]rziv&Z|vxe`v!8Zziw0Z=w0 x`|vz
> ziZ %5 u vxC]x`{WFziZ w0sx`|21 ziZBE 
y0Zz  0>
4  +   +%		     	 U 	a
f	 - 	    % /| xZn|px`|,vx|Urziw0Zw z{T'
] xZ]|8!|3||Fx`|?zivnw'diz0xU]rziv?eZzi`y0|p-ziZ=x`|U	Uw0vx  z z0U,n >i`vx|p`w ` w
Hn "!"#%$
¡+
zi{}] xZ]|Fw0	x`|#U vxC]x`{ |vx|&0rZz ,]|?WZ`|p1Z|U|pU`yWn -|vx|]y0vxwn`ZLw u;HE
+8  |pU0>  y0`vx|~ `wI(-wn |(-w^u;HE( z(ziZ 8*; e-pw0F|pz0e4wZx`|{>ziZ Pvxw0{
xwnsxwF8!w0xxwn{F/1x`|Wy0Zz  wx`| :;:< UH'znU,00x`|T%5 uveC]x`{ ziZ x`|Wy0Zz 
wx`|	u6HE w`U`vxvx|ZU|p>0zrrz `vewU|px  `yseZn |p `|vx|e`|T8Z|||+')U y0vxwn`Z
nrxUv{&Zzi  wnsw0x`|%`w |R ziv  z-8] |p ()8Zz0  ?' zix|4ziZ {Wz
L]{Wz,'xZz`y0|'zie|*
3 
m
n
tr
he
sh
ol
d 
1
th
re
sh
ol
d 
2
th
re
sh
ol
d 
2
th
re
sh
ol
d 
1
a b
 y0`vx|4~q/ 8 (*/$( 
)3  + 2TU ' ) ') / %+	
      !P	4   
   
 w0ve`|&WZvzi``vxwEz0e-`x`|R8Z|||+'zie|pn  |ve|ZU|p& |ve|4z0x`{|p 8Ce`|4`w0 Zz'
vz{|xvr&x|p wQ rUwL`w0B,] e r4z Zzvx|p x|p p-Uw0{Zziv  `yn -|vx|ZU|pRx]Xx`|
xz{|4+8`|pU%( ziZz   w 8.;Zzivzi{|evr(|p0], z  |]p1x`|'Px|pZzvx|p4*P>
 w0vLx`||pUwnZWzi``vewEz0e-px`|$8Z|||+')U y0vxw0`ZLn -|vx|ZU|p;|vx|z0x`{}|pS8C&x`|,`w0
ZzivUzi{|xvr(x|p w6Ekz`+'dQ ]x`|01zi``Zzvx|p x|p>
d\
¡
         
 !	
  
	
Qs|e`wEwE |x`|({wE ;  yn]W^zEizivrz8]|pzix`|e znxrz<.E!w0x`|prx|pU?ew4Z|vZcw0ve{
x`|Ncwi w`ykziZz A`r/uLvZeZz w0{Zwn`|ERZz,`rS( u76R*a^ `|pzv , rxUv  {  ZzE
(Zz,  7(3 ,$=*-ziZ ZznUxw0vrz0, rxUv  {  ZzE;Zz,`r<(  ,$R*P>p`|UvL`vZe]|r 8Zzn|p
w0Xx`|We`wirU|wx`|T8!|pF  `|pzvWUw0{S8]Zziw0Xwx`|Ge`wE|O zivrz8]|p&ewk]|pxUv,8!|z
!w0`]rziw0 ziZ xw	|?L]rzXx`|WUw0]xv,8``w0 w |pz0e w e`|{   x`|T8Z|||+'Py0vxwn`Z
nrxUv{&Zzi  wnH>
 w0ve`|=WZvUJz``vxwEz0e-Zwn`|4y0vxwn` z0,Uw0Zx`|p 8.x`|G{8Zz0  ?' zix|G+izivrz8]|p x`|
w0e`|vw0`|=8.	x`|{Wz
L]{Wz,'xZz`y0|'zie|% zivrz8]|p>
 w0v&x`|G |pUw0Zz``vxwEz0e-|pz0xXy0vxwn`Bz04Uw0Z x`|p 8C x`| ,`wi|BG u6HE +8` |pU
G
()izivrz8]|p8Zz0rziZ}{Wz
L]{Wz<zx|*8``w0`|(y0vxwn` z0;U' ziZ}x`|wnx`|vp+U% >
Hn "!"#%$
 
R
R
(m
s)
81
0 
-7
55
A
B
P(
m
m
H
g)
14
2 
- 
17
2
PL
M
5 
m
n
 y0`vx|   /   8          (),+0%
 (.%+ 5+(
  " "2)+,      8 ) ((* " 
 2*"  $ /   &"34 ) ) '$
#/  (*+02 (5+   	
#) 2 ":  
'
'" )+ ) (	
(: )3 34 )   " :
(!5 +   &
) 2 ":   
 ,$+0  )+) (
  1 ,  )< 34 )   "5 1 , 
 
}
?(W+-9 "x- 
               
 6   4    	  

`| WZy0`vx|p   1$ziZ&+F  Zxvzx|4x`|ve|p]>
	 - 	-	 -    	 ~  ~0 yi,0|x`|SPwi w`ykve|p]H; ezy0ve|pzi4y0]KW^ziZU|
Pw0vz <e`|% zivrz8]|p>
`| 1A`vx|p|]zy0]KW^ziE yiw8Zz $z0U|U|vziw0 ({|pziDiz`|/J~n~+>¡p ¡+X{W *
z0Uwn{Zzi]|p98CzRz <wV1  ziZz	 ZUve|pz0|4w- E Xzi{] xZ]|pR( z8]|%3*P>
d\
 ¡
 y0`vx| C/    *  &
)32<       '
  )3%+ )3+5 +02 8<=  $ ( 2)3+,  
+ (
  <1"2)3+,  $
#
/.   % (  1!<  ' 
3
 ( '" (5 8<   '
)+0$1 ((52)3+,    $
#$" )3%+      " &"('+0 % )3+ (5".    "2+ +
,"'/  (
  &)' "  + + *

  )
	 )3+ " 94 ) (   *"'+ '/
	 )+ 34 ) (
+ 2.'% ) )+( "  !+02	8 )3+ (* +  +0%(	  $ ( )+.,"$/ (*
	  (/  $
" *$   .
  ( %
# + 2'    (*  % ' $ ) )+( +5  *%
3
 2.
+,. 94 ) ( 
`|`xwi r<%5us`vx|p |Ez4y0]KW^zi]?y w 8ZzZZUvx|pz0 |=({}|pziS z`|/`¢   ={{ 1,y+*
z0Uwn{Zzi]|p28Cz=y0vx|pzi ZUve|pz0|(w\E  zi{] xZ]|%8```w$y0]KW^zi]{wnKW^zi  wn	 
1  zi{] xZ]|2( z8]|=!*P>
Hn "!"#%$
0
Fr
eq
ue
nc
y
(H
z)
M
F
(0
.0
3-
0.
15
)
M
F
H
F
A
B
P
PL
M
50
 s
ec
T
im
e
01
 y0`vx| + /    7*  &
)32<       )3<:( " &"('+0 % )3+  (  &"$)3%(
#/  
+ :+ ( % 58<   $.+     ( ," '$)3 )+ (.+ 8  +  
$"  (. 5   '  (.
)  
#+ (
<z-8] |RP/1|pzivezix|S(&*
k"%L-?" Qo  0(
-EX& ', jp# %6.KF 0,W.W %%n/
>p> Y+\ 9G7+VG] U 2g2g g2g ]7
	H7+9 


:p[lY
2\ 
 7@g2V,V g
"_$U2V,V 8 7HV2V,V 


Qo[ Y
,\ 72]7@+U 72] _2+U 82U
Hc2V,V 

Y #i]^V2g  #i]^V 7  #i] V,V 7
 #i] V,V2VG7  !  & 02&a%'2& %-T&F?\
<z8]|R3?/-`xwi rRvex|vrz\5 w]w`kuvx|px`ve|S()#5u7*
kM%L-@ Qo  0( -E."& '2 jp$#G6%.KF 0,W.WG%6%n/
j kM Y! F\ 7_ 8 728 c2V	" 


:p[lY! $#
,\ c2UHc 74U cDV2V2V 8
2V,V  !
Qo[lY! %#2\ 82cHV2V,V gG7_Dc2V2V 82U,9;V,V2V 


Y
 #i]^V2VG7


$ #i]^V2VV 7  !  & 02&H%'2&G%& -&F?\
d\
n¢
  	a  -   +	 	+  H	+		  	 - \f x`| e`wE|S zvrz8]|p |vx|?e`| vUzXix`|1 w
x`|nx`|(vz
) xwi r%5u<nx`| E  w-x`|%5uM0wn`|y0vew0`S;zn?Uw0Z  e`|pT8.&x`|
G{8Zznr?'zix|Gizivrz8]|pix`|w0e`|vLy0vxw0`R;zn<Uw0Z x`|pS8.4x`|%G {WzILE{Wz,'eZzi`y0|'Uzix|G
izivrz8]|p>
;`|  ,$  `wI(z20|v!sy0]KW^zi] nrxUv  {  Zzw0D(  + > ]  z= ,R* 8!| || x`|
 w&y0vew0`Zw\izivrz8]|p>
;`|  ,$ ]|z  r,x`|4ZzvxreZziw0 wLx`|4zivnw z0eU] zv% zivrz8]|p;ke] (nrxUv{&,'
Zziw0H/?`w w0`Zw]x|Uw0vxve|U zw0F 	 ziZR#5u izivrz8]|pMnx]r?Uw0vxve|U zw0
revxw0`y0|p7cw0v,x`|4vz
 , ziZ #5uvx.Ee`{W!x`|Pw0vx`|SE Xw e`|=%5 u
( z8]|= 
R*P>
;`|u<6 ]|pxUv,8Z|px]rn eUv{&Zziw0H/`x`|<izivrz8]|pw^x`|RG{8Zz0rzie|GiwU`.&x`|
|?cFZzivx(w x`|&`vZeZz<z0Uxw0v(]rzi`|T`|vx|pzn(x`|S zivrz8]|pFw?x`|9G {Wz
L]{Wz,'
xZz`y0|'zie|GEw`U`.x`|vy0]Zzivxw-<%(  y> .*P>
`| WZv%z0Uxwnvp 4vx|`ve|p|EUx`|28Z|||+'zie|p$ |Zzivziw0Ox   ¡ w(x`|
`wi|FizivrziZU|/	vx|`vx|p|]}x`|w0`Zw]w0D8Z|||)x`|  ziZ e`|F%5 u
 ziv  z-8] |p Z|> y4>{   [	               a 	    	   	    	O   54
	   ,  ! 54 	#     	+ 	  )e`| G {	z
LE{Wz A'eZzi`y0|' zix|GLUw0{Zzvx|pXxw
x`|TG{8Zz0  ?' zix|G,>
`|s|pUw0Z z0Uxw0vp /vx|`vx|p|]`y)0~+> ~ w4xwnz izivrziZU| w4x`|szrrz
ew0Z1<`w(z	y0vx|pzx|v4nrZ|v  wnw?e`|Wu6HE +8`|pU$Pw0vx`|&]y0Biz`|pw
x`|%%"2 zivrz8]|p>
<z8]|R 
S/ !z0Uxw0vrz , rxUv{&Zzi]&Zz,`r
 0,T "%02&
>p> Y+\ V ]28
:p[ `>p> Y#
,\ V ]^c_FV
j kMMY! F\ `V ]
G7
Qo[ Y! %#
,\ `V ]^g2c,9
Hn "!"#%$
"
A x i s  1  
 y0`vx|+/   + '+   )3+ ')  
  +0%
#/$() (+   8 ( (  $(   " ' )+ %+0 
 &)+0')  %
	*%'   &
+0 " 8 (  *'( 	 4) 	        

 !                38< 
      	 / 	
5          38<       
3
!2("" 	1 (*$+0   () (* %      & / 2(
34 )
1 +,  (* % 
  
     
 
 X	
             6    	 4 
	 


,  x`|4u;HEArz0$8Z||| +> ~&ziZ   |pUw0Z`1Uw0vxvx|p Zw0Zn`y	xwWzevrUu6HEB]|?WZ],'
w0HM]x`|({|pzi1( ZUvx|pzn|(rLw0`yn|vxZzie`|{|pz %5uXw0`|0`z0?`w}<z-8] | 
S>
`|%8!|yi`]`yw<x`|=1(*z0U|U|vzi  wnkz,z
`vx|pU|p]|pe`|%8Z|yi`]`yw zu;HE /]x`|
{|pzk]|Urz
	 ,w?    |pUwnZ`=M`e`|=8Z|y `]`ywLx`|R#5u ZUvx|pz0|= ,`|pziv  {&]z'
`|w0ZRx x`|T8Z|y `]`ysw-,z u6HE /1x`|}{|pzi]|Urz
 rw   ¢|pUw0Z`0/14{|pzZ
xZzx`|S#5uzi`y0{|]ziw0 |Ux`|v4`vx|pU|p]|p=x`|T8!|yi`] `y wzu6HEIw0v&Pwi wI(, 
M
e] ;rz0zn|0`x`|&u6HEA`|0|v`ve|pU|p]|px`|R#5uzi`y0{|]ziw08.	{w0vx|xZz~+> ~
|pUwnZ`>E`|%1(XZUvx|pz0|z,z
`vx|pU|p]|px`|$#5u w0`|08.z{|pzi}w   "$|pUw0Z` 
x z&{&]{Wz?]|Urz	w "> ~&|pUw0Z` (  y>¡.*P>
d\
n~
<z-8]|

s/+E|pzi]`vzw0ZzZ]|Uz
`%(|pUw0Z`?*
Kd ?"%02&
KFL4/1
Y)%&$
L%0,&B
0
PORQo
\
:>5
,--%60,&
7_
	
g

	
UHW.A()02fPORQ
j@k
" '2
&F?%02&

	
8 ]^U
V
	
cD
0, &.K

ORQ
PORQ
8	
72]^c
25 sec
Mean durations:
HR accélération
(14 +/-5 sec)
PAS augmentation
(9 +/- 2.6 sec)
PLM
(2 +/- 1.3 sec)
Durations and delays of
cardiovascular and motility perturbations
Mean delays between
beginning of events
1:
HR accélération before
PLM
(9 +- 6 sec)
2:
PAS augmentation
simultaneous with
PLM (0 +- 3 sec)
3:
HR accélération before
PAS augmentation
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